Several synthetic methods are used to prepare naphthalene based aromatic 1,2-diselenoles. A new one-pot synthesis starting from naphthalene is used to produce the known compound naphtho [1,8-c,d]-1,2-diselenole (Se 2 naph). Friedel Crafts alkylation is used on Se 2 naph to substitute either one tert-butyl 
. Naphtho [1,8-c,d ]-1,2-diselenole (Se 2 naph).
Introduction
The first synthesis of naphtho [1,8-c,d ]-1,2-diselenole (Se 2 naph) was reported in 1977 by Meinwald et al (Figure 1) . 1 In their work, Se 2 naph was synthesized by adding two equivalents of selenium powder to dilithionaphthalene and then exposing the reaction mixture to air to obtain the desired product in 18-22% yield. Today this preparation is still the most referenced procedure for making this In 1994, a synthetic procedure for the sulfur analog, naphtho [1,8-c,d ]-1,2-dithiole (S 2 naph) was published using unsubstituted naphthalene as a starting material. 6 We have extended that synthesis to the selenium system and developed a facile, "one-pot" synthesis for Se 2 naph. We have investigated substitution of this ring using Friedel Crafts alkylation and report the synthesis of 2,7-di-tertbutylnaphtho [1,8-c,d ] [1, 2] diselenole (dt-Se 2 naph) and 2-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (mtSe 2 naph). Reaction of mt-Se 2 naph with bromine gives 4,7-dibromo-2-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (Br 2 -mt-Se 2 naph) ( Figure 2 ).
The crystal structure of Se 2 naph has previously been reported 7 , along with several other compounds having an Se-Se bond; such as dibenzo[ce]-1,2-diselenide (dibenzSe 2 ) and diphenyl diselenide (Se 2 Ph 2 ) ( Figure 3 ). 8, 9 Similar backbones in each of these compounds produce similar chemical environments for the selenium atoms. Although the compounds are structurally similar around the selenium atoms, there are major differences in the conformation that the backbone forces on the selenium substituents. As a result, the Se-Se bond distance varies as a function of the flexibility of the di-aryl backbone. Se 2 naph has the longest Se-Se bond distance at 2.3639(5) Å, followed by dibenzo[ce]-1,2-diselenide (benzSe 2 ) (2.323(2) Å), and then diphenyl diselenide (Se 2 Ph 2 ) (2.29(1) Å). The direct relationship that can be drawn is the more rigid the backbone, the longer the Se-Se bond. Figure 2 . 2,7-di-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (dt-Se 2 naph), 2-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (mt-Se 2 naph), and 4,7-dibromo-2-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (Br 2 -mt-Se 2 naph). These compounds can be used as ligands, by reducing the Se-Se bond needs to forming dianionic 10, 11, 14 These complexes are very similar around the Pt(II) metal center despite the flexibility of the backbone.
In order to expand the number of di-selenium containing complexes and to obtain a series of these types of platinum complexes from which to draw structural insights, we have synthesized and characterized a new group of complexes produced by reactions using cis-[PtCl 2 (P(OPh) 3 (Figure 6 ). The X-ray structures of these compounds are reported along with a detailed comparison of their structures focusing on the geometry around the Pt(II) metal center. 
Results and Discussion
Several useful ligands have been prepared by novel synthetic methods in the course of this research. Naphtho [1,8-c,d ]-1,2-diselenole (Se 2 naph) is synthesized using a one-pot reaction starting from naphthalene (26% yield). This synthesis was modelled after one reported by Ashe et al. for the sulfur analog naphtho [1,8-c,d ] [1, 2] dithiole. 6 It was also found that substitution of the naphthalene ring in Se 2 naph with either one tert-butyl group to form 2-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (mt-Se 2 naph) or two tert-butyl groups to form 2,7-di-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (dt-Se 2 naph) was possible via a standard Friedel Crafts alkylation. 7, 15 The addition of dibromine to mt-Se 2 naph gave no reaction between selenium and bromine. Instead, electrophilic aromatic substitution dominates to produce the doubly substituted compound 4,7-dibromo-2-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (mtSe 2 naphBr 2 ) (Scheme 1). This is unusual, since reacting organoselenium compounds with dibromine generally results in oxidative addition with addition of the dibromine to the selenium atom and adopts a "T-shaped" geometry. [16] [17] [18] Scheme 1. The reaction scheme for the preparation of 4,7-dibromo-2-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (mt-Se 2 naphBr 2 ).
The bromine selectivity can be explained by the electronic directing influence of selenium and the steric bulk of the t-butyl group. Both selenium and t-butyl groups donate electrons into the π-system, activating the naphthalene ring and directing incoming electrophiles to the ortho or para positions. The first attack at the position para to selenium would be sterically more favorable, keeping the two large bromine and t-butyl groups further apart. However, the second substitution reaction is directed to the ortho position on the second ring to avoid the steric interaction with the first bromine atom.
A unique characteristic of these compounds is the selenium NMR. (Figure 9 ). The crystal packing in Se 2 naph, dt-Se 2 naph and mt-Se 2 naphBr 2 shows significant differences.
Se 2 naph forms herringbone π-stacks that are linked by an Se…Se interaction, with a π-π distance between naphthalene rings on separate molecules of 3.81 Å. 7 However, due to the bulky t-butyl arms, there are no inter-molecular interactions between Se atoms in the crystal packing of dt-Se 2 naph. In mt-Se 2 naphBr 2 ,
there is no intermolecular Se…Se interaction, however, there is a close intermolecular Br (4)…Br (8)" contact ( 3.4790 (13) Å). This interaction and the resulting packing, is illustrated in Figure 10 . Reduction of the Se-Se bond in Se 2 naph, mt-
forms the dianion of those species (the presence of which, is denoted by italics in a molecular formula, Complexes 1 and 2 have been fully characterized by elemental analysis, MS, IR, Raman, and 1 H, 13 C, 31 P, 77 Se, and 195 Pt NMR. We were unable to isolate bulk samples of complexes 3-5 and these complexes have been characterized by X-ray crystallography and multinuclear NMR.
The 31 P, 77 Se, and 195 Pt NMR spectral data for 1-5 are given in Table 2 In its 31 P NMR spectrum, The NMR data for 3 indicates the mononuclear complex [Pt(dibenzSe 2 )(P(OPh) 3 ) 2 ] is the predominant species in solution. 19 The 31 P NMR for 3 displays a typical [AX]-pattern relating to the direct coordination of two equivalent phosphorus atoms to the platinum center and selenium satellites are also observed; δ = 85 (J P-Pt = 4685 Hz) (J P-Se = 21 Se, and 195 Pt NMR spectra were measured using samples that contained crystalline material of at least some crystals of both complexes, as determined by X-ray studies. The NMR data, however, are indicative of the presence in solution of just compound 4
The 31 P NMR spectrum displays a typical [AAX]-pattern with a single signal at 85 ppm with platinum satellites (J P-Pt = 4724 Hz). As in 3, the 77 Se NMR spectrum of 4/5 exhibits a triplet with platinum satellites; δ = 222 (J Se-P = 28 Hz) (J Se-Pt = 188 Hz). The 195 Pt NMR spectrum displays a triplet centered at -4075 ppm (J Pt-P = 4729 Hz).
The X-ray crystal structures of 1, 2, and 4a are shown in Figure 11 , while Figure 12 shows 3 and
5.
The X-ray analyses show that in every complex, the platinum center lies in a distorted square-planar environment. The differing molecular structures of 4 and 5 were quite unexpected. As described above, the 31 P NMR clearly suggest that only one species is present in the solution after synthesis and purification of the reaction mixture. Crystallization using pentane diffusion into a dichloromethane solution produced orange block crystals, which were characterized by X-ray crystallography, revealing the monomeric structure of 4, however, this same solution also yielded crystals of binuclear 5.
Complexes 1, 2, and 4 have strong similarities. Selected bond lengths and angles can be found in Table 3 Each of these complexes is monomeric, containing a four-coordinate Pt(II) center having two -P(OPh) 3 ligands and two selenium ions from one or more of the selenium containing ligands. A comparison of bond lengths within this series of mononuclear complexes shows that all of these complexes have very similar Pt-P bond lengths ranging from 2.2232 (13) seems as though the visibly twisted biphenyl-based diselenium ligand is not responsible for the distortion of the geometry around the metal center in 3, since the SePh ligands in 5 end up giving the complex an extremely similar set of bond lengths and angles without the ligand imposing a geometric restriction.
Experimental

General
All synthetic procedures were performed under nitrogen using standard Schlenk techniques unless otherwise stated, reagents were obtained from commercial sources and used as received. Dry solvents were collected from an MBraun solvent system. 1 H, 13 C, 31 P, and 77 Se spectra were recorded on a Jeol DELTA GSX270 spectrometer. 195 Pt spectra were obtained on a Bruker AVII400. Chemical shifts are reported in ppm and coupling constants (J) are given in Hz. IR (KBr pellet) and Raman spectra (powder sample) were obtained on a Perkin-Elmer system 2000 Fourier Transform spectrometer. Elemental analysis was performed by the University of St. Andrews, School of Chemistry Service. Positive-ion FAB mass spectra were performed by the EPSRC National Mass Spectrometry Service, Swansea. Precious metals were provided by Ceimig Ltd.
Synthetic Remarks
The compound cis- [Pt(P(OPh) 
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Synthesis of Naphtho [1,8-c,d ]-1,2-diselenole (Se 2 naph)
Crystalline naphthalene (6.10 g, 47.6 mmol) was added to a 500 mL round bottom Schlenk flask. The flask was evacuated and purged with nitrogen. Butyllithium (BuLi) (46.8 mL of 2.5 M in THF, 117 mmol) was added dropwise via syringe with stirring, followed by the slow addition of TMEDA (17.7 mL, 117 mmol) . Upon addition, the flask became slightly warm and a white precipitate (pcc) formed. The pcc dissolved as the solution yellowed and then became increasingly darker until it was dark reddish in color.
A reflux condenser was added to the flask, which was then warmed to ca. 70°C for two hours. The mixture was allowed to cool to room temperature, at which time the reflux condenser was replaced by a septum. The mixture was then cooled to -70°C using a dry ice/acetone bath. Tetrahydrofuran (THF) (~150 mL) was added dropwise via syringe. Selenium powder (11.1 g, 141 mmol) was then added at once. The reaction mixture was allowed to slowly warm to room temperature and was stirred overnight under nitrogen. Caution! As the mixture warms to room temperature, the flask becomes slightly pressurized. Make sure the stopper is clipped and the flask is opened to nitrogen.
The next day, the flask was opened and the mixture was poured into a 2 separating funnel where ~500 mL of distilled water and ~300 mL of hexane was then added. It was difficult to see the separation line, but as the water layer was removed the line became more evident. The hexane layer, a clear purple solution, was collected. Silica gel was added to the organic layer and the solvent was evaporated. The silica gel/product was placed on top of a silica column and the product was eluted with hexane. The purple band was collected and the solvent evaporated. The purple solid was dissolved in a minimal amount of methylene chloride. The solution was then layered with hexane and placed in the freezer for recrystallization. Yield 3.544 g, 26%.
1 H and 77 Se NMR matched those of the previous reported samples. 1 Synthesis of 2,7-di-tert-butylnaphtho[1,8-c,d ] [1, 2] diselenole (dt-Se 2 naph) and 2-tert-butylnaphtho [1,8-c,d ] [1, 2] mmol) was added. The mixture continued to heat at ~80°C for one hour. After the reaction cooled to room temperature, distilled water was added, which then was extracted with dichloromethane. The organic layer was removed, dried over MgSO 4 , filtered, and the solvent was evaporated. These compounds were purified by column chromatography on silica gel elution using hexane, with mt-Se 2 naph eluting first, then dt-Se 2 naph, followed by starting material. dt-Se 2 naph was crystallized by slow evaporation of a pentane solution to give orange blocks (17 mg, 3 %). mt-Se 2 naph is a dark red oil (104 mg, 23 %), and finally 81 mg (21 %) of the starting material was recovered. 3, 139.5, 138.8, 138.3, 136.5, 126.8, 125.8, 124.8, 123.3, 122.0, 36.5 Synthesis of 4,7-dibromo-2-tert-butylnaphtho[1,8-c,d ] [1, 2] diselenole (Se 2 naphBr 2 )
A solution of 2-tert-butylnaphtho [1,8-c,d ] [1, 2] diselenole (mt-Se 2 naph) (0.11 g, 0.33 mmol) in dichloromethane (10 mL) was cooled to 0 °C and slowly treated with bromine (0.11 g, 0.034 mL, 0.66 mmol). An analytically pure sample was obtained by crystallisation from diffusion of pentane into a dichloromethane solution of the product (0.1 g, 74 %); v max (KBr tablet)/cm -1 : 3424br s, 3069w, 2955s, 2854w, 1584w, 1568w, 1514w, 1482s, 1466vs, 1392s, 1361s, 1282s, 1218s, 1186w, 1147s, 1116vs, 996vs, 913s, 881s, 860w, 820s, 799s, 741s, 663w, 558w, 509w, 485w, 468w In a Schlenk tube, ~10 mL of dry THF was added to 1 mol eq. of L, the resulting purple solution was stirred for 10 minutes and then, 2 mol eq. of a 1 M solution of LiBEt 3 H in THF was added dropwise via syringe. Upon addition, the purple solution turned bright yellow and gas evolution was observed. This solution was stirred ~15 min and [Pt(P(OPh) 3 ) 2 Cl 2 ] was added. The solution turned orange in color and was stirred 12 hours, after which ~1g of silica gel was added and the solvent was evaporated under vacuum. The flask containing the orange solid was opened to the air and the solid was placed on top of a short hexane-packed silica gel column. -1 = 1587 -1 = , 1486 -1 = , 1182 -1 = , 1159 -1 = , 918, 778, 757, 687, 596, 496. Raman, cm -1 = 30720, 1591 -1 = , 1538 -1 = , 1333 -1 = , 1007 . All NMR samples were prepared from crystalline samples in CDCl 3 . 1 H NMR: 7.6 (d, J H-H = 7 Hz), 7.5 (d, J H-H = 7 Hz), 7.2-6.9 (m), 6.9 (t, J H-H = 7 Hz). 13 C NMR: 150.9, 136.3, 135.1, 129.8, 126.9, 125.2, 124.7, 120.9. 31 IR (KBr) : υ max, cm -1 = 1588 -1 = , 1488 -1 = , 1186 -1 = , 1160 -1 = , 922, 776, 756, 686, 595, 497. Raman, cm -1 = 3066, 1595 -1 = , 1586 -1 = , 1515 -1 = , 1340 -1 = , 1007 . All NMR samples were prepared from crystalline samples in CDCl 3 . 1 H NMR: 7.4-7.0 (m), 6.9 (t, J H-H = 7 Hz).), 1.7(s) 13 C NMR: 151.0, 150.9, 147.0, 142.5, 132.9, 132.1, 131.9, 129.7, 129.6, 126.5, 125.5, 125.2, 125.0, 123.9, 123.2, 121.0, 120.9, 120.7, 120.6, 38.2, 31.6. 31 (matches theoretical isotope profile for 5, but there are higher molecular ion peaks in the sample). IR (KBr) : υ max, cm -1 = 1587 -1 = , 1485 -1 = , 1183 -1 = , 1156 -1 = , 919, 784, 686, 601, 488. Raman, cm -1 = 3063, 1597 -1 = , 1576 -1 = , 1220 -1 = , 1169 -1 = , 1071 -1 = , 1001 . NMR samples were prepared in CDCl 3 . 31 P NMR: 84 ppm (J P-Pt = 4724 Hz) (J P-Se = 28 Hz).
77
Se NMR: 222 ppm (t, J P-Se = 28 Hz) (J Se-Pt = 188 Hz). 195 Pt NMR: -4075 ppm (t, J Pt-P = 4729 Hz). NMR data seem to suggest that the mononuclear specie 4 exists in solution, rather than the dinuclear specie 5.
X-ray Crystallography
Crystal structure data for 1, 2, dt-Se 2 naph and mt-Se 2 naphBr 2 were collected using the St Andrews Robotic Rigaku Saturn CCD diffractometer using Mo-K  radiation (graphite monochromator optic, λ = 0.71073 Å), 4 was determined using a Rigaku SCX-Mini whilst 3 and 5 were determined using a Rigaku MM007 rotating anode and Mercury CCD. All data were corrected for absorption. The structure was solved by direct methods and refined by full-matrix least-squares methods on F 2 values of all data.
Refinements were performed using SHELXTL (Version 6.1, Bruker-AXS, Madison WI, USA, 2001).
The experimental details including the results of the refinement are given in Table 6 
